When g-irradiation dose increased to 40 Gy, the glow peaks were reduced and with increase in g-dose (50 and 60 Gy) results the shift in first two glow peak temperatures at about 20 1C and a new shouldered peak at 86 1C was observed. It is observed that there is a shift in glow peak temperatures and variation in intensity, which is mainly attributed to different phases of gadolinium oxide. The trapping parameters namely activation energy (E), order of kinetics (b) and frequency factor were calculated using peak shape and the results are discussed.
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Introduction
Currently, nanomaterials have become important within the field of luminescence as they exhibit excellent optoelectronic properties. They have potential to be efficient phosphors in display applications like flat panel displays, solar energy converters, optical amplifiers, electroluminescent devices, photodiodes, bio-detectors, etc [1] [2] [3] [4] . In particular, oxide nanophosphors (Gd 2 O 3 S:Eu, Ti, Mg, Y 2 O 3 :Eu 3 + and Gd 2 O 3 :Tb 3 + ) with the incorporation of activators have revealed major luminescence effects. In addition, various vacancies and defects of host materials result complicate luminescence centres as electron donors and acceptors and show potential to exhibit a wide variety of attractive luminescence features.
Significant advancements have been made in thermoluminescence (TL) experiments during last couple of decades on bulk materials. With the advent of nanotechnology, there is still a considerable amount of research for new nanocrystalline phosphor materials with better TL and dosimetric properties. The importance of nanocrystalline materials has increased tremendously because of the enhanced optical, electronic and structural properties than their bulk counterparts due to quantum size effect and an increased surface to volume ratio [5, 6] . In order to use information about luminescence process of phosphors in various applications, the knowledge of defect centres and their distribution in the band gap of solids is very important. Further, it is also important for basic study to understand defects and reorganization of energy levels in nanostructured materials and related phenomena. One of the most sensitive methods of studying radiation induced defects is TL. It is well known that the defect centres created by ionizing radiations are intimately related to the process of TL. Thermoluminescence studies of nanocrystalline phosphors are important not only for application point of view. TL efficiency increases due to increase in the surface states which also increase on increasing the particle size. Accordingly, as the contents of the surface states increase, the particles may provide more accessible carriers (holes and electrons) for the TL recombination proportional to the surface states. As the surface states increase rapidly, the TL efficiency can be enhanced [7] .
Therefore, nowadays, the research on efficient and inexpensive nanophosphors is a challenging problem for new luminescent materials [8] [9] [10] [11] phosphors have been extensively synthesized in different methods such as sol gel [13] , co-precipitation [14] , combustion [15] , chemical vapor deposition [16] , solid state reaction [17] , spray pyrolysis [18] , etc. Among these methods, the hydrothermal method has been used frequently due to its simplicity, highly uniformity and reproducibility of the product, high efficiency and low cost [19] . Eu 3+ activated Gd 2 O 3 is one of the important red-emitting phosphor, which is a promising host matrix for multiphoton and up-conversion excitation [20, 21] . It exhibits paramagnetic behavior as well as strong UV and cathode-ray excited luminescence, which are useful in biological fluorescent labeling and display applications [22, 23] , efficient X-ray and thermo luminescent phosphor [24] . In our earlier report a detailed synthesis of various phases of Eu activated gadolinium oxide nanorods and characterization such as structure, SEM, TEM, FTIR and Raman studies are reported. In the present study, an attempt has been made to study the phase dependent luminescent properties of Eu 3+ activated gadolinium oxide (Gd (OH) 3 ,
GdOOH and Gd 2 O 3 ) nanorods by means of photoluminescence and thermoluminescence techniques and the results are discussed in detail. nanorods by the hydrothermal method with and without cityl trimethyl ammonium bromide (CTAB) surfactant. The as-formed product is in hexagonal Gd(OH) 3 :Eu phase and subsequent heat treatment at 350 and 600 1C transforms the sample to monoclinic GdOOH:Eu and cubic Gd 2 O 3 :Eu phases, respectively. CTAB is a cationic surfactant and it plays a key role in controlling the growth and production of Gd 2 O 3 nanorods. In the crystallization process, surfactant molecules adsorbed on the crystal nuclei not only serve as a growth director but also as a protector to prevent from aggregation of the product. As a result, Gd 2 O 3 nanorods were produced. A detailed synthesis procedure of different phases of nanorods (Gd(OH) 3 , GdOOH and Gd 2 O 3 ) and its characterization was available in our earlier report. The photoluminescence measurements were carried out using Perkin-Elmer LS-55 spectrophotometer equipped with Xe lamp source with 254 nm excitation wavelength. The absorption spectrum of the samples was recorded on a UV-3101 Shimadzu Visible spectrometer. TL measurements were carried out at room temperature using Nucleonix TL reader using ( 60 Co) gamma source as excitation in the dose range 10-60 Gy. transition is consistent with the hexagonal Gd(OH) 3 :Eu [25] . Fig. 2 3 :Eu nanorods, the emission intensity is very weak and can hardly be of any practical application. The disagreement between the emissions peaks were attributed to the different phase identification. Fig. 3 shows the PL spectra of the (a) Gd(OH) 3 :Eu as-prepared (b) calcined at 350 1C and (c) calcined at 600 1C for 3 h with CTAB. The Photoluminescence spectra of Gd 2 O 3 :Eu with CTAB at different temperature are shown in Fig. 4 . Chen et al. [32] surface of nanoparticles provide efficient quenching centres for the de excitations via traps remaining in a decreased probability of energy transfer among activators ions. As a consequence, higher activator concentration have been generally required to optimize radiative recombination in nanosized particles than in normal materials. Fig. 5 shows the UV-vis absorbance spectra of hexagonal Gd(OH) 3 A prominent absorption peak at 245 nm was observed in all the phases. The weak absorption peak at 284 nm in hexagonal Gd(O-H) 3 :Eu is shifted to 292 nm in cubic Gd 2 O 3 :Eu. The maximum absorption, which can arise due to transition between valence band to conduction band [33] . The weak absorption in the UV region is expected to arise from transitions involving extrinsic states such as surface traps or defect states or impurities [34] . Inset of Fig. 5 The optical band gap energy (E g ) (Fig. 6) was estimated by the method proposed by Wood and Tauc [35] . The optical band gap is associated with absorbance and photon energy by the following equation:
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where a-absorbance, h-Planck constant, u-frequency, E g -optical band gap and k is a constant associated to the different types of electronic transitions (k ¼1/2, 2, 3/2 or 3 for direct allowed, indirect allowed, direct forbidden and indirect forbidden transitions, respectively). According to the literature [36] , the oxides are characterized by an indirect allowed electronic transition and hence, the k¼2 value was used as standard in Eq. (1) variations in E g can be related to the degree of structural orderdisorder into the lattice, which is able to change the intermediary energy level distribution within the band gap.
Thermoluminescence (TL) studies
The TL phenomenon is the result of releasing electrons trapped by some defects within the material lattice when exposed to any type of ionizing radiation. The stimulation energy to release these electrons trapped is usually thermal and those defects are in the form of electrons or hole traps. If these traps are energetically deep, enough charge carriers may remain trapped for an extended period of time until they acquire enough thermal energy to increase the probability to escape, producing electromagnetic radiation after a radiative recombination process takes place. The relationship between the TL intensity and the irradiation dose provides the sample for the potential application in dosimetry [38, 39] . Fig. 7 shows the TL glow curves of Gd (OH) 3 :Eu phosphor irradiated with gamma source ( 60 CO) in the dose range 10-60 Gy. Well resolved glow peaks in the range 42-45, 67-76, 95-103 and 102-125 1C were recorded at a heating rate of 6.7 1C sec À 1 . When g-irradiation dose increased to 40 Gy, the glow peaks were reduced. Further, with increase in g-dose to 50 and 60 Gy results the shift in first two glow peak temperatures at about 20 1C and a new shouldered peak appeared at $86 1C. (Fig. 7e and f) . Three well resolved glow peaks in the range 54-58, 88-96 and 112-118 1C were recorded for same g-irradiation dose in Gd 2 O 3 :Eu ( Fig. 8(a)-(d) ). Further, when g-irradiation dose was increased to 60 Gy, a single well resolved glow peak (85 1C) along with shouldered peak (127 1C) was observed. This glow peak has simple structure and trap distribution which might be used in radiation dosimetry above 60 Gy g-irradiation. Wang et al. [40] have studied the TL responses from Eu doped irradiation results two glow peaks at $ 390 and 460 K. The small variation in glow peak temperature and intensity was observed and these variations might be attributed to type of the phosphor and irradiation dose. It may be noted that TL glow peak temperature and intensity mainly depends on various parameters such as nature of the sample, nature of the ionizing radiation, amount of irradiation, temperature at which TL measurements, time gap between the measurements, environment of the sample during experiments (humidity, atmospheric gas, etc.), type of detector, impurity content of the sample, heat treatment given to the sample prior to irradiation, heating rate, etc.
Analysis of TL glow curve and calculations of trapping parameters
The evaluation of kinetic parameters known as trapping parameters, i.e. activation energy (E), of the traps involved in TL emission, and order of kinetics (b) associated with the glow peaks of TL, is one of the important aspects of studies in Material Science. Any complete information of the TL characteristics of TL material requires the knowledge of these parameters. Here E is a measure of the energy required to eject an electron from the defect center to the conduction band and s is the rate of electron ejection. The order of kinetics b is a measure of the probability that a free electron gets retrapped. This retrapping effect increases with density of empty traps.
In order to get these information, the glow curves are deconvoluted using ORIGIN 8 software. The trapping parameters of deconvoluted curves are calculated using the Chen modified peak shape method. The trapping parameters were calculated using Chen's set of empirical formulae [39] for the peak shape method which can be summarized below. 
Activation energy (E)
The form factor (symmetry factor) (b)
The nature of the kinetics can be found by the form factor. Theoretically the value of geometrical form factor (m g ), close to 0.42, for first order kinetics and value can be 0.52 for second order. In the present studies, the value is very close to 0.52 and it falls in second order kinetics. The trapping parameter of Gd(OH) 3 :Eu and Gd 2 O 3 :Eu irradiated with various g-doses obtained using the peak shape method are given in Tables 1 and 2 . The average activation energy (E) of Gd(OH) 3 :Eu was found to be $1.50-9.60 eV, whereas, in Gd 2 O 3 :Eu it is found to be $1.2-3.3 eV. The order of kinetics (b) obtained for these two phases is of second order.
Conclusions
Various phases of Eu activated Gd 2 O 3 nanorods have been successfully synthesized by the hydrothermal method. The optical energy band gap for hexagonal Gd(OH) 3 3 :Eu was found to be $1.50-9.60 eV, whereas, in Gd 2 O 3 :Eu it was found to be $1.2-3.3 eV. The order of kinetics (b) obtained for these two phases is of second order. 
